The paper deals with a forecast of developments in alcohol consumption based on current alcohol consumption per capita (expressed in litres of pure alcohol), and time series extrapolations. Alcohol consumption is to be considered from the vantage point of knowing the specifics of the product and the consequences of its excessive consumption. The predictive methodology makes use of the Box-Jenkins method; the ARIMA model, taking into account the autocorrelation and partial autocorrelation process, which is a prerequisite for the successful identification of a time series model; model parameter estimation; appropriate transformations of time series; determining the order of differentiation and subsequent verification of the model. The chosen methodology for future trends in alcohol consumptions is a prerequisite for the proposed optional measures to control alcohol consumption in the Czech Republic. Due to the long term nature of the process to draw up and implement alcohol consumption regulation measures, the forecast covers the forthcoming 10 years.
INTRODUCTION
The consumption of alcohol is a major social problem, because its use and overuse is linked with health, social, economic, cultural and political consequences, with a legislative context.
During the nineteenth and early twentieth century there was an upsurge of anti-alcohol movements in the greater part of Europe, which gradually diminished, and by the end of the twentieth century become almost insignificant. This reflects the current status, whereby the European Union comprises the region with the highest alcohol consumption in the world (Anderson, Baumberg, 2006) . The average alcohol consumption across those 18 Member States of the EU for which statistics were available in 2012 was then around 10.6 litres of pure alcohol per adult (aged over 15) . Over the last three decades, alcohol consumption in some Member States has declined, while going up in others. In recent years we've seen changes in habits related to alcohol consumption, and a an important role is played in this process by the convergence of alcohol consumption between Member Statesfor example, rising wine consumption in countries previously known for drinking beer, and vice versa (OECD, 2012) . Changes in alcohol consumption between countries and over time are caused not only by changes in alcohol consumption practices, but also by policy measures aimed to control alcohol consumption. In particular, restrictions on advertising, on sales and increased taxation are evidently effective tools for restricting alcohol consumption (Bennett, 2003 in OECD, 2012 WHO Europe, 2012a in OECD, 2012 .
Apart from the legislative measures, alcohol consumption is affected by a whole host of other factors. Pettigrew and Donovan (2003) speak of the family (family structure, family relationships, family conflicts, parental awareness, parental supervision, parental communication skills, parental attitudes to alcohol, etc.); peers (peer-group alcohol consumption, peer pressure); personal characteristics (age, gender, masculinity, income, education, marital status, religion, self-esteem, alcohol tolerance, aversion to alcohol, motivation and expectations related to alcohol consumption, name health expectations, subject area knowledge of alcoholic beverages etc.); life experience (past experiences with alcohol, the death of a loved one, disability, unemployment, problems at school, etc.); moral values; socio-cultural factors, situational specifics; structural factors (price, affordability/ availability, packaging size); advertising, marketing; media and local climate. As seen from the above, alcohol consumption is impacted by a number of incidental factors. Alcohol consumption and the consequences of its overuse can be addressed from different perspectives. All involved should, however, have objective information, not only about the current state of the consumption of different types of alcoholic beverages, but also about the expected developments in consumption. The forecasting of alcohol consumption values has to utilize the methods of time series analysis that benefit from theory-based assessments regarding the presence, in a given time series, of any trend, periodicity or stationarity, and so can help us choose the appropriate forecast model.
Excessive alcohol consumption causes damage not only to human health, but also to the social fabric (Anderson and Baumberg, 2006) . Epidemiological studies confirm that apart from incorrect nutrition the risk factors to health in developed countries encompass the drinking of alcohol, while the effects of alcohol on population health are still being studied. Earlier research suggests (Gmel et al., 2002; Evstifeeva et al., 1997) , that alcohol consumption negatively impacts overall mortality, both in connection with a number of diseases whose onset or progression involves alcohol consumption, and in connection with accidents. However, there are also studies (Howie et al., 2011; Pearson, 1996; Doll, 1998 in Csémy, Sovinová, 2003 , claiming that alcohol consumption to a moderate degree has positive effects on human health. In the social sphere, alcohol consumption can lead to phenomena ranging from public harassment, through marital breakdown, abuse and child abuse, crime, violence to homicide. In general it can be said that the higher the level of consumption, the more serious the concomitant offence or damage to health. (Anderson, Baumberg, 2006) .
The Czech Republic is, by volume of alcohol consumption, among the front-runner countries of Europe. When compared with the European Union, the Czech Republic in 2012 exceeded the average consumption across the Member States by approximately 1 litre of pure alcohol per adult. Consumption was some 11.6 litres of pure alcohol per adult person . The Czech Statistical Office (2014) provides statistics on alcohol consumption per capita, i.e. including children and persons under the age of 15 years. According to these statistics in 2012 every member of the population (i.e. including children) averaged 9.9 litres of pure alcohol.
The aim of the present paper is to forecast future developments in alcohol consumption i.e. to generate values of alcohol consumption for the next 10 years, grounded on knowledge of existing long-term alcohol consumption as well as the theory underlying time series analysis. Making use of the Box-Jenkins method for models aware of autocorrelation and partial autocorrelation processes is a prerequisite for choosing the right forecasting model, in view of the large number of incidental factors influencing alcohol consumption.
MATERIALS AND METHODS
The present paper analyses the consumption of alcohol during the selected period. We track developments in overall consumption, as well as developments by alcohol type -wine, beer, and spirits expressed in pure alcohol litre units.
One of the basic tasks of univariate analysis of economic time series is the creation of forecasts. On the basis of the ARIMA model a forecast is constructed with a minimum square error of prediction.
Assuming the model
the ARIMA model (p, d, q) the task is to predict future values XT + h T is called the threshold of prediction and h is known as the horizon of prediction.
A linear process over time (T + h) can be written under the ceteris paribus principle as , where
. The forecast value Xt + h for h ≥ 1 is construed at time T.
The forecast prediction with minimum square error can be written in the form , where μ1 − α/2 is the 100 (1 − α/2) % quantile of the standard normal distribution. For stationary processes this means that the confidence interval asymptotically approaches the two horizontally parallel lines. (Artl, Artlová, 2007) Using the appropriate difference in the ARIMA model we set the stationarization and produce a stationary time series. Further tests are carried out to verify the ARIMA model. To test the statistical significance of the model used, we apply the F-test, to verify the significance of parameters in the model we use the t-test. The normal distribution of the error component is validated by the Chi-square test.
Moreover we use the Bayesian information criterion (BIC) to select the degrees p and q of an ARIMA model. First, we estimate several models with different p and q values. For each estimated model we provide the loglikelihoods as inputs to calculate the BIC measure of fit (which penalizes for complexity). To test for autocorrelation serial correlation of the error component we employ Ljung-Box statistics.
Findings
The problems associated with alcohol, the health consequences of excessive alcohol consumption, the treatment of alcohol addiction, consumption patterns, problems in the family, economic consequences and the legal-political context of this subject matter are topics of interest in many developed countries. In the Czech Republic the issue of alcohol consumption is not given systematic attention, the Czech Republic has not drawn up a policy concept for reducing social damage, and lacks an organizational structure for systematic work in this area. State care is of a rather random nature, prompted by ad hoc events (the methanol affair, traffic accident rates, etc.). Published scientific and professional articles deal with problems of alcohol consumption, and in particular of the consequences arising from it, some in detail and from a range of perspectives. The measures recommended as a result, are relatively long-term in nature and should be based not only on objective alcohol consumption data, but also drawn from rigorous forecasts of future developments. This view is a contributing motivational factor to our presenting this paper.
Monitoring alcohol consumption and the consequences of its overuse had to be based on consumption data for individual types of alcoholic beverages with due regard for their differing alcohol content. Beer is the traditional drink in the Czech Republic and is considered part of the cultural heritage, while in Moravia this role is taken by wine and in certain regions by other spirits. Consumption of alcoholic beverages has always featured in our meals and dining habits. Attitudes to food, dining habits, as well as toward alcoholic drinks are undergoing fundamental change. Consumption of alcoholic beverages in its more individualized and technically modified form highlights the negative consequences of excessive consumption.
The definition of an alcoholic drink according to Act No. 379/2005 Coll. is a beverage of spirits, wine or beer, or any other drink as may be that contains more than 0.5 percent alcohol by volume. Basic consumption information about the respective types of alcoholic beverages i.e. spirits, wine and beer are given in litres per capita, in litres of pure alcohol per capita, and price information about the respective types of alcoholic drinks in CZK and their prices converted to pure alcohol values are listed in Tab. I.
All data on prices per litre of pure alcohol are based on the assumption that spirits contain pure alcohol at 39.5 -40.5 %, wines at 11.35 -12.42 % and beer at 2.8 -3.4 % of pure alcohol. This data was derived from consumption data of the respective alcoholic drinks in litres and from consumption in pure alcohol values.
From the values on alcohol consumption obtained over the 23 years of the time series (1989 -2012) No decline in consumption has ever reversed the trend, however, lending credence to the notion that all measures to reduce alcohol consumption have failed to achieve the desired effect. Fluctuations in consumption can be linked more to social influences or the economic situation than to education about the negative effects of excessive consumption of alcoholic drinks. The rising trend in consumption, with its occasional fluctuations is clearly evident in Fig. 1 . The alcohol consumption in Fig. 1 above is derived from the consumption of all types of alcoholic drinks -beer, wine and spirits. The observed time series shows differing trends in the consumption of the different types of alcoholic beverages. The largest average consumption growth coefficient was recorded for wine (1.5), followed by beer (0.8) and spirits (0.03). The average price increase coefficient by type of alcoholic beverage was highest for spirits (2.8), followed by wine (2.4) and beer (2.2).
Beer consumption per capita puts the Czech Republic highest in the world. Beer is the national drink. The historically highest beer consumption per capita recorded in the Czech Republic was in 2005 -some 164 litres of beer per capita. Thereafter we see a decline, with some fluctuations, with current consumption at around 130 litres of beer per Czech Republic inhabitant per year. This level of beer consumption amounts to the greatest share of alcohol consumption (4.4 -5.1 litres). We can regard the causes underlying the decline in consumption since 2005 to be primarily the changing lifestyle of the population over the long term, as well as the transient rise in excise tax on beer from 1 January 2010 and the continually rising beer prices. Conversely, an upward influence on beer consumption trends comes from structural changes in the product mix (a rising share of consumption coming from beer in cans, in PET bottles, tank-drawn beer, with decreasing consumption of keg beer, a growing demand for flavoured beers -mostly fruit, as well as a rising proportion of beer consumption by women). Over the last two years we can see that consumption is once again on the rise. The scale of the fall in consumption and the fluctuations in consumption do, in the long run, only amount to an overall stagnation in consumption. Over the reference period the rise in beer prices and the rate of its rise have been outpacing the increase in beer consumption.
There has been an increase in the consumption of wine, with a more pronounced increase after 2005 (regardless of the drop in alcohol consumption during the economic crisis period). Alcohol consumption in litres of pure alcohol is in absolute terms the lowest for all types of alcoholic beverages (from 1.8 to 2.3 litres). This is one of the reasons for wine being often referred to as socially acceptable. In the Czech Republic the average annual consumption of wine per capita is 8 litres, placing the CR 60th in the world. The popularity of wine is steadily growing. The reasons for the increasing wine consumption can be found in changing lifestyle, wine being a social drink, and the ever more popular view that consumption of wine to (2014) a certain degree has a positive effect on one's health. A positive aspect is the growing consumption of quality wines. Wine prices have risen, most notably during the period when consumption declined. The absolute price increment amounts to 200 CZK per litre of pure alcohol.
An unequivocal decrease in consumption was recorded for spirits with a concomitant price increase. From the beginning to the last year of the time-series the price almost doubled. The increasing prices of spirits are largely a consequence of the rise in excise duty and VAT. Nevertheless, excise tax in the Czech Republic is among the lowest in Europe. Level consumption was recorded from the beginning of the time series until 2005, when consumption went into decline (from 3.3 to 2.7 litres). A significant role was played in the consumption of spirits by the methanol affair in 2012. The legislative measures it led to have positively affected the market in spirits and their consumption. Consumption of spirits after 2012 fell to the lowest value over the whole reference period. A closer investigation into the consumption of variety shows a redirection toward branded spirits, of assured quality. It should be noted that the highest proportion of illegal sales is to be expected for this type of alcohol.
Because of the possible impacts of overuse of alcohol and the proposals for remedial measures all the forecasts of future developments are based on alcohol consumption expressed in litres of pure alcohol. From the Box-Jenkins method for value prediction, the ARIMA (Autoregressive Integrated Moving Average) model was chosen. Fig. 2 shows ACF and PACF of the source data. The sample ACF decreases relatively slowly which is consistent with ARIMA model. The presence of trend in the data is evident in Fig. 1 . The sample PACF decays relatively slowly which is consistent with an MA processes. The ARIMA lags cannot be selected solely by looking at the ACF and PACF, but it seems no more than four AR or MA terms are needed. Therefore we identify the best lags using BIC. We fit all combinations of p = 1 , ... , 5 and q = 1 , ... ,5 (a total of 25 models) and store the loglikelihood objective function and number of coefficients for each fitted model. The calculated BIC for each fitted model are presented in Tab. II. The number of parameters in a model is p + q + 1 (for the AR and MA coefficients, and constant term). The rows correspond to the AR degree (p) and the columns correspond to the MA degree (q). The smallest BIC value is 49.6287 in the (4,2) position. This corresponds to an ARIMA(4,1,2) model presented in Tab. III.
We show significant AR processes of order 2 and 4, MA processes of order 2. We also confirm that there are no serial correlations in the residuals at the 5 % significance level. Short term forecasting of alcohol consumption is presented in Fig. 2 . Robustness of the results are confirmed by the Autocorrelation and Partial Autocorrelation functions of the residuals (Fig. 3) .
Having identified the model and fulfilled all conditions justifies our using the ARIMA model for (Fig.3) .
A positive outcome of the forecasts is that a rise in consumption is not expected. This is seen from Fig. 1 , which captures the developments of alcohol consumption to date, though had we forecast alcohol consumption values using traditional forecasting methods, we would have come to diametrically different predicted values, with a rising alcohol consumption trend.
We can surmise that values predicted by the Box-Jenkins method represent a stagnation of consumption. A lengthening outlook forecast window (up to 10 years) opens up to a near tripling of the values. Nevertheless, the present authors regard the forecast as fit for the purpose that such forecasts can serve. All the proposed measures for regulating alcohol consumption have a relatively lengthy time horizon over which to gauge the effectiveness of the measures proposed. 
CONCLUSION
The obtained forecast values as referred to in the paper increase after the year 2013. We expect that consumption of alcohol (litres of pure alcohol per capita) do not match and are not in line with the programme 'Health for all in the 21st century', where under objective number 12 it states that alcohol consumption per adult person over 15 years of age should not exceed 6 litres per year. The findings of the investigation make it clear that this objective is not being met, but at the same time we should clearly point out the need to define more effective measures both at the legislative level, but also specifically focused on selected segments of the alcohol consuming demographic. The forecast values can serve as the launch-pad argument when it comes to monitoring the economic impacts of alcohol overuse, pricing policy, the use of marketing tools, measures to control alcohol availability and marketing reach in society. There are ways to express the costs associated with alcohol consumption. The Czech Statistical Office processes the health records (SHA) in accordance with OECD methodology, albeit these are only a small part of the total economic costs. The first comprehensive attempt to express costs for society as a whole can be deemed to be the study by Zábranský (2011) , while other relevant figures can be drawn from the EBC (European Brain Council, 2014) , who estimate direct medical costs for the Czech Republic in 2010 to be 266 million EUR, direct non-medical costs to be 250 million EUR and indirect costs to be 261 million EUR. By conversion we can derive the total annual costs in the Czech Republic to be 20 billion CZK, which greatly exceeds the sum obtained through excise duties on alcohol, which come to some 7 billion per year (Customs Office yearbook). At the same time the predicted values raise a host of questions to which the answers must be sought in the findings of primary investigations among alcohol consumers. What are the reasons for use and especially overuse name of alcohol; what is the relationship between price and consumption; how is consumption affected by the income status of households, loss of employment, health, and family problems, and the social status attained. Segmentation of the alcoholic drink consumer demographic would help to design and implement more effective corrective measures to limit alcohol consumption. We should remind ourselves that the given findings do not in any way reflect the influence of the alcohol black market.
